Li/ C F x Cells 0 ptimized for Low-Temperature 0 peration 

Several prior developments are combined. 
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Some developments reported in prior 
NASA Tech Briefs articles on primary elec- 
trochemical power cells containing 
lithium anodes and fluorinated carbona- 
ceous ( C F x ) cathodes have been com- 
bined to yield a product line of cells op- 
timized for relatively-high-current 
operation at low temperatures at which 
commercial lithium-based cells become 
useless. These developments have in- 
volved modifications of the chemistry of 
commercial Li/CF X cells and batteries, 
which are not suitable for high-current 
and low-temperature applications be- 
cause they are current-limited and their 
maximum discharge rates decrease with 
decreasing temperature. 

One of two developments that consti- 
tute the present combination is, itself, a 
combination of developments: (1) the 
use of sub-fluorinated carbonaceous 
(CF X wherein x<L) cathode material, 
(2) making the cathodes thinner than 
in most commercial units, and (3) 
using non-aqueous electrolytes formu- 


lated especially to enhance low-temper- 
ature performance. This combination 
of developments was described in more 
detail in "FI igh-Energy-Density, Low- 
Temperature Li/CF X Primary Cells" 
( NPO -43219), NASA Tech Briefs, Vol. 31, 
No. 7 (July 2007), page 43. The other 
development included in the present 
combination is the use of an anion re- 
ceptor as an electrolyte additive, as de- 
scribed in the immediately preceding 
article, "Additive for Low-Temperature 
Operation of Li-(CF)„ Cells" (NPO- 
43579). 

A typical cell according to the present 
combination of developments contains 
an an ion -receptor additive solvated in 
an electrolyte that comprises L i B F4 dis- 
solved at a concentration of 0.5 Mina 
mixture of four volume parts of 1,2 
dimethoxyethane with one volume part 
of propylene carbonate. The propor- 
tion, x, of fluorine in the cathode in 
such a cell lies between 0.5 and 0.9. The 
best of such cel Is fabricated to date have 


exhibited discharge capacities as large as 
0.6 A-h per gram at a temperature of -50 
°C when discharged at a rate of C/ 5 
(where C is the magnitude of the cur- 
rent, integrated for one hour, that would 
amount to the nominal charge capacity 
of a cell). 

T his work was done by William l/l/est, M ar- 
shall Smart, Jay Whitacre, Ratnakumar 
Bugga, and Rachid Yazami of Caltech for 
NASA's Jet Propulsion Laboratory. 

In accordance with Public Law 96-517, 
the contractor has elected to retain title to this 
invention. Inquiries concerning rights for its 
commercial use should be addressed to: 

In nova tive T echnology A ssets M anagemen t 
JPL 

M ail Stop 202-233 
4800 Oak Grove Drive 
Pasadena, CA 91109-8099 
(818) 354-2240 
E-mail: iaoffice@jpl.nasa.gov 
Refer to NPO-43585, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


N umber Codes Readable by Magnetic-Field-Response 
Recorders 

Where useable, these codes offer advantages over conventional optical bar codes. 
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A method of encoding and reading 
numbers incorporates some of the fea- 
tures of conventional optical bar coding 
and radio-frequency identification (RFID) 
tagging, but overcomes some of the disad- 
vantages of both: (1) Unlike in conven- 
tional optical bar coding, numbers can be 
read without having a line of sight to a tag; 
and (2) the tag circuitry is simpler than 
the circuitry used in conventional RFID. 

The method is based largely on the 
principles described in "Magnetic- 
Field-Response Measurement-Acqui- 
sition System" (LAR-16908), NASA Tech 
Briefs, Vol. 30, No. 6 (June 2006) page 
28. To recapitulate: A noncontact sys- 
tem includes a monitoring unit that ac- 
quires measurements from sensors at 
distancesof the order of several meters. 
Each sensor is a passive radio -frequency 
(RF) resonant circuit in the form of 
one or more inductor(s) and capaci- 


tor) s) . The monitoring unit — a hand- 
held unit denoted a magnetic field re- 
sponse recorder (MFRR) — generates 
an RF magnetic field that excites oscil- 
lationsin the resonant circuits resulting 
in the sensors responding with their 
own radiated magnetic field. The reso- 
nance frequency of each sensor is made 
to differ significantly from that of the 
other sensors to facilitate distinction 
among the responses of different sen- 
sors. The MFRR measures selected as- 
pects of the sensor responses: in a typi- 
cal application, the sensors are 
designed so that their resonance fre- 
quencies vary somewhat with the sensed 
physical quantities and, accordingly, 
the MFRR measures the resonance fre- 
quencies and variations thereof as indi- 
cations of those quantities. 

In the present method, the resonance 
circuits are not used as sensors. I nstead, 


the circuits are made to resonate at fixed 
frequencies that correspond to digits to 
be encoded. The number-encoding 
scheme is best explained by means of ex- 
amples in which each resonant circuit 
consists of a spiral trace inductor electri- 
cally connected to a set of parallel-con- 
nected capacitorsin theform of interdig- 
itated electrode pairs (see figure). The 
inductor and capacitor(s) in each reso- 
nant circuit can be fabricated as a pat- 
terned thin metal film by means of estab- 
lished metal-deposition and -patterning 
techniques. The capacitance and, hence, 
the resonance frequency, depends on 
the number of interdigitated electrodes 
connected to the inductor. In a similar 
manner, setsof electrodes could be used. 

Initially, in each resonant circuit as 
fabricated, the number (A/) of interdigi- 
tated electrode pairs equals the base 
(e.g., 10) of the number system of the 
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